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This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Rotating Machinery Sectional Committee had been approved by the Electrotechnical Division Council. This is a comprehensive standard covering generators coupled to internal combustion engines without distinction of output and voltage, with the exception of machines intended for special applications, such as machines for traction vehicles, marine service and air transport.

( Continued on r&d cover )
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. Indian Standard AC GENERATORS DRIVEN BY RECIPROCAZ'ING INTERNAL COMBUSTION ENGINESSPECIFICATION

PART 1
1 SCOPE

ALTERNATORS RATED UP TO 20 kVA

e) Bxposure

1.1 This standard specifies the requirements for ac generators together with their exciters driven by reciprocating internal combustion engines and generators having outputs up to 20 kVA at specified conditions. 1.2 This standard covers generators with the following excitation systems: a) Direct excitation adopting static exciters (magnetic or electronic); b) Brushless AC exciters; c) DC exciters; and d) Pilot exciters besides exciters in (b) or (c) above. The excitation power in these cases is derived fromthe prime mover of the alternator. The closed loop (involving an automatic voltage regulator) or open loop of excitation control may be used in the excitation systems. 1.3 This standard does not cover generators intended for use in the following special applications. However, machines built to this standard may be adopted with suitable modification for these applications when agreed between the manufacturer and the purchaser/ user: a) Exposure to: 9 abrasive or conducting dust or chemical fumes; ii) combustible dust; iii) dusts/fumes of explosives; iv) flammable gases; v) lint; vi) nuclear radiation; vii) oil vapour; and viii) salt air.

to cooling media where the temperature values depart from those listed in this standard.

9 Exposure to abnormal shock or vibration. g) Where departure from rated voltage
h) Where the phase voltages, or currents,
are severely unbalanced.

or frequency, or both exceeds limits given in this standard.
or both,

j) k)

Where low noise levels are required. Exposure to external mechanical loads involving thrust or overhang.

4 Subject to operation in an inclined position. n) Subject to intermittent, periodic, or varying
duty. 1.4 This standard does not apply to the following types of machines for which other Indian Standards are available: a) Turbine type generators (see IS 5422 : 1979), and b) Electrical generators for use in ships [see IS 10242 (part 3/Set 1) : 19831. 2 REFERENCES The Indian Standards listed in Annex A are necessary adjunct to this standard. 3 TERMINOLOGY 3.0 For the purpose of this standard, the following definitions shall apply. 3.1 Machine
The AC generator to which this standard applies.

3.2 Rating Numerical values of the electrical and mechanical quantities with their duration and sequences assigned to the machine by the manufacturer and stated on the rating plate forspecified conditions. 3.3 Load All the numerical values of the electrical and mechanical quantities that signify the demand to be made on a 1

`4 Operation in mines, entirely enclosed boxes,

poorly ventilated rooms, damp or very dry places. excludes normal overspeed). or below 0%.

cl Operation at speeds other than rated (this 4 Exposure toambienttempcraturesabove400C
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rotating machine by an electrical mechanism at a given instant. 3.4 Rated Output

circuit or a

3.11 Effkiency The ratio of output power to the input power (expressed

as a percentage): Power output of machine Efficiency = Power output of machine + Power loss in the machine
3.12 Routine Tests

The apparent electric power available at terminals

expressed in volt-amperes or kilovolt amperes together with the specifies power factor, frequency and voltage. 3.5 No Load
The state of a machine rotating at normal speed under

rated conditions but when no output is taken out of it. 3.6 Overload Any load in excess of rated load expressed numerically in per unit or percentage of rated output. 3.6.1 Sustained Overload An overload sustained for a sufficiently long period to affect appreciably the temperature of the machine. 3.6.2 Momentary Overload An overload the duration of which is so short as not to affect appreciably the temperature of the machine. 3.6.3 Balanced Load A symmetrical 3-phase load having equal numerical value of impedance and power factor of load in all the 3-phases. 3.6.4 Unbalanced Load A load having different magnitude and power factor loads in all or any two of the 3-phases. It is normally expressed as ratio of the difference of maximum and minimum line currents to the maximum line current as follows:

Tests carried out on each machine to check the essential requirements which are likely to vary during production. 3.13 Type Tests Tests carried out to provide conformity with the requirements of this standard. These are intended to prove the general qualities and design of a given type of machine. 3.14 Voltage Terms These terms describe a generator under the control of its normal excitation and voltage regulation system. 3.14.1 Rated Voltage (UN) The line-to-line voltage generator at rated output. 3.143 at the terminals of the

No Load Voltage (UJ

The line-to-line voltage at the terminals of the generator at rated frequency and at no load, 3.143 Range of Voltage Adjustment (AU,> Range of maximum possible upwani and downward adjustment of voltage a&generator terminals (Umax and bin) at rated frequency, for all loads between no load and rated load and within the agreed range of power factors. 3.14.4 Inherent Voltage Regulation (R,U) The maximumchange involtage expressed as percentage of the rated voltage, when the load changes from rated load at rated voltage, speed and power factor to any lower load, including no load, without change in speed and excitation current, taking into account the effect on governor and automatic voltage regulation. 3.143 Transient Voltage Deviation (R,u)

Lx - L. LX
3.7 Duty Statement of the load including no load, rest and deenergized period to which the machine is subjected including their duration and sequence in time. 3.8 Duty Type Aconventional periodic duty consisting of one or more sets of loads remaining constant for the durations specified. 3.9 Thermal Equilibrium
The state

Maximumdeviationofvoltageafterasuddenspecified load change from a voltage previous to steady state level at rated speed and specified power factor. 3.14.6 Voltage Recovery Time (tu) The. time interval from the point when the voltage departs from the specified steady state voltage regulation band after a load change until the voltage again returns to and remains within this band. 3.14.7 Voltage Regulation Characteristics (-) Curves of terminal voltage as a function of load current or KVA at given power factor and rated frequency. 2

reached when the observed temperature rises of the several parts of the machine do not vary by more than 2OC over a period of one hour.
3.10 Excitation Voltage

The voltage marked on the rating plate of a machine and required for excitation at rated output.

IS 13364 (Part 1) : 1992 3 14.tI Voltage Modulation (Modulation Amplitude) <b, v Voltage modulation is a quasi-periodic voltage variation about a steady state voltage at frequencies below the fundamental of service frequency expressed as a percentage of the rated voltage at rated frequency and uniform drive. 3.149 Angular Displacement of Polyphase System (W Electrical angular displacement of the generator phase voltage vector relative to the corresponding phase voltage vector of a symmetrical polyphase system (with three phase system 1200 at virtually non-deforming and virtually balanced loads between no load and rated load, expressed in electrical degrees). 3.14.10 Maximum Voltage Unbalance (bv) The maximum voltage unbalance is the ratio of the negative sequence or the zero sequence voltage components to the positive sequence voltage components at no load. 4 SlTR CONDITIONS 7.1 Preferred 4.0 The following shall constitute the normal site conditions. 4.1 Altitude and Temperature Voltages For the purpose of this standard, the preferred voltages shall be in accordance with IS 12360 : 1988. b) the frequency differeing from its rated value by not more than 23 percent, or c) any combination of (a) and (b). In the case of operation at extreme voltage limits, the temperature rise limits specified in 11 shall not exceed by more than 5OC.Machines when operated under the abnormal conditions of voltage and frequency variation may not necessarily have their performace in accordance with this standard. 5 TYPE OF ENCLOSURES For machines covered by this standard, the specification for types of enclosures shall be as given in IS 4691 : 1985. 6 COOLING SYSTEMS The machines covered by this standard shall have one of the cooling systems given in IS 6362 : 1971. 7 PREFERRED AND OUTPUTS VOLTAGES, FREQUENCY

7.2 Frequency and Number of Phases Machines shall be designed for the following site For AC generators the frequency shall be the standard conditions unless otherwise agreed to between the _ frequency of 50 Hz. manufacturer and the purchaser. 7.2.1 The standard number of phases for AC gen4.1.1 Altitude erators shall be three or one. Altitude not exceeding 1 000 metres. Machines in7.3 Preferred Outputs tended for service on sites where the altitude is in excess of 1 000 metres are covered by 6.3 of IS The preferred output ratings for AC generators up to 12802 : 1989. and including 20 WA are: 4.1.2 Temperawe The cooling air or gas temperature not exceeding 40 OC. Machines intended for service with a cooling within temperature other than 40 OC are covered in 6.4 of IS 12802 : 1989. 4.2 Voltage and Frequency Variation Machines that are connected in parallel with supply mains shall be capable of delivering rated output with: a) the common voltage differing from its rated value by not more than 25 percent, or 0.5,1.0, 1.5,2.2,3.75,5.0,7.5, 20.
7.4 Preferred Power Factor The

10, 12.5, 15, 17.5 and

standard power factor for the loads will be considered as 0.8 lag. Other power factor requirements may be agreed upon by purchaser after consulting generator/prime mover manufacturer. 7.5 Voltage Characteristics

The generators to this standard will meet the require-

ments of any one grade agreed to between the purchaser and the supplier of characteristics described in Table 1.
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Sl
No. i.0 2.0

Parameter VGl 1 VG2 1 VG3

I Range of voltage adjustment
Inherent voltage regulation Transient voltage behaviour after

4

%

3.14.3

%P

%

I
3.14.4

RdY=u 3.2 4.0

96
S

3.145 3.14.6

1Voltage recovery time
Transient voltage behaviour after sudden rejection to 100 percent load at rated power factor and constant speed Transient voltage rise
I

tll

4.1 4.2 5.0 6.0

Rdvnt-l
I ZU 1

%
s 1

3.14.5 3.14.6 3.14.8 3.14.10

37 2.5 1.0 1.0

27 1.5 1.0 1.0

20 1.5 1.0 1.0

Voltage recovery time Voltage modulation Maximum voltage unbalance on no load

8
6U

%
96

NOTES 1 Grades VGl to VG3 are voltage regulation grades no necessarily associated wilt engine classes. 2 The following tests shall be subject to agreement between the manufacturer and the purchaser: i) Range of voltage adjustments, ii) Voltage recovery time, iii) Voltage modulation, and iv) Angular displacement of polyphase system.

8 IRREGULARITIES 8.1 Non Linear Loads

OF WAVEFORM

a suitable machine from this standard list to meet this duty, based on data supplied by the purchaser.
lOEARTHING

The non linear loads (thyrister drives) introduce har-

monics in the alternator armature current. This in fact disturbs the generator voltage waveform which may lead to malfunctioning of the system and also cause additional heating of the generator rotor. A standard alternator shall supply 20to 4Opercent non linear loads along with conventional loads of 80 to 60 percent depending upon'the design of thyrister panel and alternator parameters. It is recommended that users of alternators will inform the generator manufacturer whenever the thyrister loads or furnace loads are encountered. 9 DUTY
The generators covered by this standard shall be of continuous duty unless specified otherwise by the purchaser.

Earthing of the machine shall be done in accordance with the relevant provisions of IS 3043 : 1987.
11 TEMPERATURE RISE LIMITS

The generators to this standard shall meet the limits of temperature rise covered in IS 4722 : 1992.

12 OVERLOAD
12.1 Momentary Excess Current for Generators

Other duties can be specified as per one of the requirements in IS 4722 : 1992. The manufacturer may select 4

A generator rated in accordance with this standard shall be capable of withstanding for not less than 15 seconds, a current 50 percent in excess of its rated current after having attained the thermal equilibrium corresponding to the rated load, the voltage being maintained as near the rated value as possible consistent with the maximum capacity of the prime mover. The exact value of the voltage is not important.
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12.2 Exciters The exciters shall be capable of delivering the required excitation current for overloads specified in 12.1.
12.2.1 The exciters shall be rated 1.25 times the full load (rated) conditions.

16 TOLERANCES

Unless otherwise specified, tolerances shall be in accordance with Table 2. Where a tolerance is stated in only one direction; the tolerance in the other direction is considered unimportant. 17 TERMINAL MARKINGS Terminal markings, when used, shall be in accordance with IS 4728 : 1975. 18 RATINGPLATE 18.1 A rating plate stating the following shall be supplied with each machine:

13 LIMlTS OF VIBRATION Under consideration. 14 COMMUTATION
14.1 Commutation of DC Exciters Excluding Those of the Brush Shifting Type The exciter shall workwith fixed brush settingfromno load to the momentary overload specified in 12without

injurious sparking or injury to the commutator or brushes. 14.2 The slip ring brushes of AC generators should be free of injurious sparking or injury to slip ring or brushes from no load to momentary overload specified in 12. 14.3 Annex B of IS 4722 : 1992 gives details of the grades of sparking that may be used in specifying the degree of sparking.
,15 EFl?ICIENCY REGULATION AND VOLTAGE

a) A reference

to the designation of this standard, that is, `Ref to IS 13364 (part 1) : 1992;

15.1 The purchaser shall specify the rated conditions in terms of voltage, output kVA, power factor and speed. The efficiency shall be determined by inputoutput method or any method specified in IS 4889 : 1968. The voltage regulation shall be calculated in accordance with 3.14.4. The tolerances applicable to the determined values of efficiency and voltage regulation shall be according to 16.

b) Name of the manufacturer; 4 Manufacturer's number and frame reference; 4 AC generator; e) Frequency, in cycles per second; 9 Number of phases; i3) Rated output in kVA or MVA, h) Rated voltage and winding connections; j) Current, in amperes at rated output; 9 Power factor; 4 Type of duty; 4 Speed, in revolutions per minute;
P) Excitation current and voltage at rated output; q) Class of insulation; and r) Additional information, as required.
'

15.1.1 In case of brushless generators, the efficiency may be determined by assuming the design value of mainfield current and the design efficiency value of exciters.

Table 2 Schedule of Tolerances (Clause 16)
SlNo.
1 Efficiency (q) a) By summation of losses Machines up to 50 kW b) By input output test 2 3 Inherent steady state voltage regulation of generators Peak value of short circuit current of an AC generator under specified conditions Steady short circuit current of an AC generator at specified conditions Moment of inertia of stored energy 5 -15 -15 percent of (l-n) percent of (l-n)

Item

Tdauce

+ 20 percent of the guaranteed value +3Operczntofthe guaranteed value

' -,

`.

+ 15 percent of the guaranteed value

f 10 percent of the guaranteed value

1
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19 INFORMATION TO ENQUIRY AND ORDER

BE

GIVEN WITH

4

Measurement of short circuit characteristic only,

The user should give complete information on the generators at the time of enquiry. Annex B may be referred for providing such details. 20 TESTS 20.1 General The tests specified in this clause shall normally be carried out at the manufacturer's works. 20.2 Test Certificates 203.1 Unless otherwise specified when inviting tenders, the purchaser, if so desired by the manufacturer shall accept manufacturer's certificate as evidence of the compliance of the machine with the requirements of 12 and 20.4.1 on a machine identical in essential details with the one purchased together with routine tests on each individual machine. In the case when a batch of 10 or more similar machines are supplied on one order, type tests, as specified, shall be made on one of tbese machines, if the purchaser so requires. 20.23 Certificates of routine tests shall show that the machine purchased has been run and found to be electrically and mechanically sound and in working order in all particulars. 20.23 Ifsospecified,wheninvitingtenders,testsshall be carried out at the manufacturer's works in the presence of the purchaser or his representative to ensure that the machine complies in every respect with the requirements of 11,12,21 and 22 at steady state regulation and efficiency. 203.4 Certificates of all type tests together with a record of alterations whether essential or not, which have been made to the machine since the tests were carried out, shall be kept available by the manufacturer for inspection. 20.3 The procedures laid out in IS 7132 : 1973 and IS 7306 : 1974 for testing the generators other than single phase and evaluating the machine parameters will in general apply to the generators covered by this standard. Testing for single phase generators will generally conform to the routine tests covered by 20.4. For single phase generators of the brushless type, circuit characteristic need not be checked. 204 Synchronous 20.41 Type Tests The following shall constitute the type tests: a) Measurement of resistance, b) Phase sequence test (for,3-phase generators only), c) Regulation test, d) Measurement of open circuit characteristic only, 6 Generators

f) Efficiency test,

t3)Temperature rise test, h) Overspeed test, j) Insulation resistance test (bothbefore
high voltage test),

and after

J9 High voltage test, 4 Determination of deviation

of voltage waveform from sinusoidal (subject to agreement between the manufacturer and the user),

4 Momentary overcurrent test (see 12.1), and
P) Test for vibration severity (see 13) , (Under consideration). 20.4.2 Routine Tests The following shall constitute the routine tests:

%

a) Measurement of resistance,

b) Jnsulation
only),

resistance test,

d Phase sequence test (for 3-phase generators d) Regulation test, 4 Measurement of open circuit characteristic, 0 Measurement of short circuit characteristic,
and

!3)High voltage

test.

21 HIGH VOLTAGE TEST High voltage test will be conducted on the machine with exciter as per IS 4722 : 1992. 22 INSULATION RESISTANCE TEST The test requirements and the procedure shall be in accordance with IS 4722 : 1992. 23 OVERSPEED 23.1 All machines shall be designed to withstand a speed of 1.2 times the rated speed unless specified otherwise. 23.2 An overspeed test is not normally considered necessary but may be performed when this is specified and has been agreed between the manufacturer and the purchaser at the time of the order. An overspeed test shall be considered as satisfactory if no permanent abnormal deformation is apparent subsequently and no other weakness is detected which may prevent the machine from operating normally and provided the rotor windings after the test comply with the required dielectric tests. The duration of any overspeed test shall be two minutes. 23.3 Due to settlings in laminated rotor rims, laminated poles held by wedges or by bolts,`etc, a minute

IS 13364 (Part 1):1992 permanent increase in the diameter is natural and not to be considered as an abnormal deformation indicating that the machine is not suitable for normal operation. 24 UNBALANCED LOAD Unless otherwise specified, three phase synchronous generators of ratings up to 20 kVA shall be capable of continuously o rating on an unbalanced load (as defined in 36.4 p" of 25 percent with none of the phase currents exceeding the rated current. The temperature rise limits specified in IS 4722 : 1992 may exceed by 1CPCwhen generator operates under such conditions. The voltage regulation under the above condition will not apply. 25 SHORT CIRCUIT CURRENT Unless otherwise specified, the peak value of the short circuit current for synchronous machines, in the case of short circuit on all phases during operation at rated voltage, shall not exceed 15 times the peakvalue or 21 times the rms value of the rated current. The check may be carried out by calculation or by means of a test at a voltage of 50 percent of the rated voltage or above. 26 INSTANTANEOUS SHORT CIRCUIT WITHSTAND TEST FOR AC GENERATORS 26.1 The short circuit test for ac generators shall be carried out only at the express request of the purchaser made at the time ofthe order. Inthis case, the test shall be carried out on the machine running on no load with an excitation corresponding to the rated voltage, unless otherwise agreed upon. In no case shall the test be carried out with an excitation greater than that corresponding to 1.05 times the rated voltage. 26.1.1 This voltage may be reduced by agreement between manufacturer and the purchaser in order to take into account the impedance of the transformer which may be placed between the generators and the system. In the latter case, it may be requested that the test be made on the site with the over excitation device in service. The short circuit shall be maintained for 3 sec. 26.2 The test is considered satisfactory if no harmful deformation occurs and if the requirements of the high voltage test are met after the short circuit test. 27 PARALLEL OPERATION 27.1 If desired by the purchaser, the manufacturer shall provide means to ensure stable parallel operation of the generator with other generating sets or with another source of supply, also ensuring correct sharing of the reactive power. 28 OTHER APPLICABLE STANDARDS IS 900 : 1%5 INDIAN

IS 1076 : 1957 IS 3003 (Part 1 and 2) IS 3043 : 1987 IS 4691: 1985

IS 4722 : 1992 IS 4728 : 1975

Code of practice for installation and maintenance of induction motors ( revised ) Preferred numbers Carbon brushes for electric machines Code ofpractice for earthing(first revzon ) Degree of protection provided by enclosures for rotating electrical machinery ( jirstrevision ) Rotating electrical machines Terminal marking and direction of rotation for rotating electrical machinery (first revision ) Method of determination of efficiency of rotating electrical machines Guide for testing synchronous machine determining Methods of synchronous machine quantities from tests Voltage bands for electrical installations including preferred and frequency voltages (superseding IS 585)

IS 4889 : 1968

IS 7132 : 1973 IS 7306 : 1974

IS 12360 : 1988

29 MOUNTING DIMENSIONS 29.1 Fixing dimensions of generators shall be as per IS 1231 : 1974. Fixing dimensions of other than B3 mountings (like B20, B5, single bearing machines) shall be as agreed to between the manufacturer and the supplier.

7
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ANNEXA
(Cl&se
LIST OFREFERRED

2.1)

INDIAN STANDARDS IS No.

ISNo.
1231: 1974

Title Dimensions of three-phase footmounted induction motors ( third revision ) Code of practice for earthing (first revision ) Degrees of protection provided by enclosures for rotating electrical machinery ( $rst mvision ) Rotating electrical machines Terminal marking and direction of rotation for rotating electrical machinery (first revision ) Methods of determination of efficiency of rotating electrical machines Turbine type generators

Title Designation of methods of cooling for rotating electrical machines Guide for testing machines Methods synchronous from tests synchronous

4362 : 1971 7132 : 1973 7306 : 1974

3043 : 1987 4691: 1985

of determining machine quantities

4722 : 1992 4728 : 1975

10242 (Part 31 Electrical installations in ships : Section, 1 Set 1) : 1983 Part 3 Equipment, Generators and motors 12075 : 1987 Mechanical vibration of rotating electrical machines with shaft heights 56 mm and higher measurement, evaluationand limits of vibration severity Temperature rise measurements of rotating electrical -machines

4889 : 1968

5422 : 1969

12802 : 1989

ANNEXB
(Clause 19.1)
INFORMATION WITH ENQUIRY AND ORDER FOR AC GENERATOR

When enquiring for ordering an AC generator, the following particulars should be supplied:

machines, the inter-connection between the phases, if any. 3) Electrical output in kVA. 4) Rated voltage. 5) Power factor, if other than 0.8. 6) Current in amperes. 7) Voltage regulation grade. 8) Speed in revolutions per minute at no load and at rated load.
9) Direction of rotation. 10) Whether the generator is to have its own

1) Frequency in Hz. 2) Numherofphases,andinthecaseofpolyphase

15) Site and operating conditions. 16)The type of enclosure. 17) Tbe type of duty. 18) The maximum temperature of the cooling

air, if rt exceeds 4ooC or of the cooling water, if it exceeds 3oOC in the place in which the generator is intended to work in ordinary service.

19) The altitude of the place in which the machine is intended to work in ordinary service if it exceeds 1000 m. 20) If a generator is required to operate between various limits of voltage, current, frequency or speed, thecorrespondingvaluesofthevoltage, current, frequency and speed, respectively. 21) System of earthing, if any, to be adopted. 22) Applicationdetailsor load details, for example, motors, rectifiers, thyristor loads, etc. 23) Maximum load switched on or off and voltage drop and rise permitted. 24) Space beaters. -_ 25) Bearing thermometers. 26) Thermistors or resistance thermometers. 27) Particulars oftests required and where they are l to be carried out. 28) Special conditions. 8

exciter, and if so, the method of drive or whether the excitation is to he obtained from a separate source.
lf the generator is not to be

11) Excitationvoltage,

provided with its own exciter. 12) Prime movers. 13) Conditions to he met in case of parallel operation. 14) Whether the neutral point is to he brought out to a terminal to deal with current in the neutral line in normal service, and if so, the amount of current in amperes to be carried.
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For the purpose of deciding whether a particular requirement of this standard is complied with, the final value, observed or calculated, expressing the result of a test, shall be rounded oft` in accordance of significant with IS 2 : 1960 `Rules for rounding off numerical values ( revised )`. The number places retained in the rounded off value should be the same as that of the specified value in this standard.
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The use of the Standard Mark IS governed by the provIsIons of the Bureau of Indian StarrdurdsAct,. 1986 and the Rules and Regulations made thereunder. The Standard Mark on products covered by an Indian Standard conveys the assurance that they have been produced to comply with the requirements of that standard under a well defined system of inspection, testing and quality control which is devised and supervised by BIS and operated by the producer. Standard marked producrs are also continuously checked by BIS for conformity to that standard as a further safeguard. Details of conditions under which a licence for the use of the Standard Mark may be granted to manufacturers or producers may be obtained from the Bureau of Indian Standards. .

Bureau of Indian Standards BIS is a statutory institution established under the Bureau harmonious development of the activities of standardization, and attending to connected matters in the country. Copyright No part of these publications may be reproduced in BIS has the copyright of all its publications. any form without the prior permission in writing of BIS. This does not preclude the free use, in the course of implementing the standard, of necessary details, such as symbols and sizes, type or grade designations. Enquiries relating to copyright be addressed to the Director ( Publications ), BIS. Revision of Indian Standards

qf

Indian

Sfandimds

Act,

marking

and quality

1986 to promote certification of goods

if any, are Indian Standards are reviewed periodically and revised. when necessary and amendments, Users of Indian Standards should ascertain that they are in possession of issued from time to time. Comments on this Indian Standard may be sent to BIS giving the the latest amendments or edition. following reference : Dot : No. ETD 15 ( 3048 ) Amendments Issued Since Publication ~~Amend No. Date of Issue Text Affected

BUREAU Headquarters: Manak Bhavan, 9 Bahadur Shah Zafar Telephones : 331 01 31, 331 13 75

OF INDIAN

STANDARDS

Marg. New Delhi

110002 Telegrams : Manaksanstha ( Common to all Offices ) Telephone

Regional Central

Offices: : Manak Bhavan, 9 Bahadur NEW DELHI 110002 Shah Zafar Marg . Maniktola

Eastern

: l/14 C. I. T. Scheme VII M, V. I. P. Road, CALCUTTA 700054 : SC0 445-446, Sector 35-C, CHANDIGARH IV Cross Road, Marol,

37 86 62

Northern Southern Western

160036 600113

53 38 43 235 02 16 6 32 92 95

: C. I. T. Campus,

MADRAS

: Manakalaya, E9 MIDC, BOMBAY 400093

Andheri

( East )

Branches

: AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. LUCKNOW. PATNA. SRINAGAR. THIRUVANANTHAPURAM.

COIMBATORE. JAIPUR. KANPUR.

Printed at Printrade, New Delhi, India

